Transplantable human oat cell carcinoma cells of the lung with ectopic vasopressin production were incubated with labeled amino acids and immunoreactive neurophysins in cell extracts were analyzed by isoelectric focusing.
Neurophysins, carrier proteins for neurohypophyseal hormones, have been shown to exist in the posterior pituitary gland and to be released in response to stimuli that may stimulate the secretion of vasopressin and oxytocin.
The experiments conducted in animals suggest that neurophysins may be produced in the hypothalamus concomitantly with vasopressin and oxytocin. (Sachs et al., 1969; Brownstein et al., 1980; Schmale and Richter, 1981) .
We have recently shown that both immunoreactive vasopressin and neurophysin are unequivocally detectable in oat cell carcinomas of the lung with ectopic vasopressin production.
When analyzed by gel filtration, a high molecular weight form of neurophysin with a relative molecular mass (Mr) of 20,000 was demonstrated in such tissues. After incubation with dilute trypsin, the Mr 20,000 neurophysin liberated an equimolar amount of Mr 10,000 neurophysin YAMAJI et al. Endocrinol. Japon. August 1983 and vasopressin (Yamaji et al., 1981a) , which suggests that the Mr 20,000 neurophysin is a precursor to neurophysin and vasopressin.
In order to establish the precursor-product relationship between the Mr 20,000 and Mr 10,000 neurophysins, the kinetics of labeling of the two forms of neurophysins in ectopic vasopressin-producing tumor were then examined by incubating tumor cells with labeled compounds (Yamaji et al., 1981 b) . The results obtained clearly indicated that the Mr 20,000 neurophysin is proneurophysin. Whether proneurophysin thus identified may also contain the nonapeptide sequence, however, remains unknown. The present study was undertaken to isolate and characterize proneurophysin and, in addition, to determine if proneurophysin synthesized in tumor cells is a common precursor to vasopressin and neurophysin.
Methods

Tumor tissues
Tumor tissue obtained at autopsy from a 58-yearold man with oat cell carcinoma of the lung who developed inappropriate ADH secretion was transplanted into nude mice (Kondo et al., 1981) . Tissues randomly excised from the animals contained a significant amount of both vasopressin and nicotinestimulated neurophysin (NSN) (Robinson, 1975 ) determined by radioimmunoassays.
Estrogen-stimulated neurophysin (ESN) and oxytocin were also detected in the tissues, but the levels were less than 1% of those of NSN and vasopressin, respectively (Yamaji et al., 1981b: Kondo et al., 1981 Analysis of radioactivity Polyacrylamide gels were sliced and counted in 10 ml of toluene scintillation fluid containing 3% Protosol (New England Nuclear).
An aliquot of the eluates from column chromatographies was counted with 10 ml of Aquasol-2 (New England Nuclear).
Results
When tumor cells were incubated with L-(35S)-cysteine for 20 h and immunoprecipitable proteins in cell extract were separated by isoelectric focusing in polyacrylamide gel, one major peak (isoelectric point: pI 5.3) and several minor peaks (pI 6.1, 5.7, 5.6, 5.1, 4.9 and 4.7, respectively) of labeled compounds were observed ( Figure 1A ). All forms of (35S)-labeled proteins were completely displaced from the immunoprecipitate by excess human neurophysin. In one experiment, the sample was subjected to isoelectric focusing and the gel was sliced longitudinally into two halves. One half was cut into 2 mm-slices and counted, while slices of the other half were individually smashed, dissolved in SDS and analyzed by SDS-polyacrylamide gel electrophoresis. The apparent Mr of the labeled protein with a pI of 5.7 was estimated to be 20,000 and that of the pI 6.1 protein to be 19,000, while other labeled proteins had a Mr of 10,000. When an aliquot of the sample was applied The immunoprecipitate was subjected to affinity chromatography with LVP-agarose and materials eluted with 0.1 M ammonium formate (pH 8.6) were combined and analyzed by isoelectric focusing (B). The pI values for the proteins are indicated above each peak.
profile was obtained with the exception that the pI 5.7 and pI 6.1 peaks were missing in this case ( Figure 1B) . These results suggest that immunoprecipitable proteins with a Mr of 10,000 and different pIs are neurophysins judging from their binding capacity to vasopressin at pH 5.8.
In order to elucidate the relationship of SLICE NUMBER Fig. 2 . Isoelectric focusing, in polyacrylamide gels, of the immunoprecipitate of cell extracts in pulsechase experiment. Three identical dishes were each incubated in a cysteine-free medium supplemented with L-(35S)-cysteine for 30 min and incubations were further continued with a large excess of unlabeled L-cysteine (5 mM). Cells were harvested after 0 (A), 2 (B) and 5 h (C) of chase.
The pI values for the proteins are indicated above each peak. these different proteins in biosynthetic sequence of neurophysin, the cells were exposed to a short pulse of (35S)-cysteine and chased for varying periods with a large excess of non-radioactive cysteine. As shown in Figure 2A , most of the radioactivity was initially incorporated into a pI 5.7 protein.
In addition to this peak, smaller peaks with pIs of 6.1, 5.3 and 5.1 were observed. When the cells were chased for 2 h, the pI 5.7 and 6.1 peaks decreased, while the height of the pI 5.3 peak increased ( Figure  2B ). As the time of chase incubation increased, the original proteins (pI 5.7 and 6.1) were almost lost and a significant amount of only the pI 5.3 peak remained ( Figure  2C ). In both the 0 to 2 h and more especially in the 2 to 5 h chase, there appeared to be a much greater decrease in the pI 5.7 peak than an increase in the pI 5.3 peak. This may have resulted from the fact that some of the pI 5.7 protein were released into the medium during incubation period (Yamaji et al., 1981b Figure  3A) . Similarly, the pI 6.1 protein was specifically bound by con A-agarose ( Figure  3B ). To determine whether the pI 5.7 protein possesses both neurophysin and vasopressin moieties, the protein separated by isoelectric focusing was subjected to limited proteolysis with trypsin and chromatographed on a Sephadex G-50 column. The control eluted as a major radioactive peak in the region of Mr 20,000-22,000, although a significant amount of radioactivity emerged in the exclusion column ( Figure 4A ). Rechromatography of the latter revealed that most of the label was eluted in the fractions of Mr 20,000-22,000, suggesting that this larger molecular protein on gel filtration is an aggregated form of the pI 5.7 species. In contrast to the control, gel filtration of the trypsin hydrolysate resolved two peaks of radioactivity:
one was eluted in the region of Mr 10,000 and the other in the total volume of the column.
The ratio of the radioactivity in the former to that in the latter was 7.2: 1. When the pI 6.1 protein was similarly processed, trypsinization generated a Mr 10,000 protein and a smaller peptide which was eluted in the total volume ( Figure 4B ).
The ratio of radioactivity associated with the Mr 10,000 protein and the smaller peptide approximated 7. In an attempt to test the possibility that the Mr 10,000 protein liberated by trypsinization of the pI 5.7 protein is neurophysin, the corresponding fractions were combined, lyophilized and subjected to affinity chromatography with LVP-agarose. As shown in Figure 5A , most of the radioactivity was bound to LVP-agarose at pH 5.8 and eluted by changing the buffer to 0.1 M ammonium formate (pH 8.6). The LVP-bound fractions were then lyophilized and analyzed by isoelectric focusing. The radioactivity profile protein generated by trypsinization of the pI 5.7 neurophysin.
The pI values for the proteins are indicated above each peak.
revealed that the protein consisted mainly of pI 5.3 and 5.1 peaks (Figure 6 ). Similarly, when the Mr 10,000 protein generated by proteolysis of the pI 6.1 protein was applied to a LVP-agarose affinity support, the major portion of the radioactivity was bound in a pH-dependent manner ( Figure 5B ).
Whether the smaller peptide produced after trypsinization is related to vasopressin was then examined.
Fractions containing radioactivity in the total volume of the column after trypsin treatment of the pI 5.7 protein ( Figure 4A ) were pooled, lyophilized and subjected to affinity chromatography with neurophysin-agarose.
A significant amount of the radioactivity was retained to the column at pH 5.8 and coeluted with 0.1 N formic acid ( Figure 7A) . Similarly, the smaller peptide derived from the pI 6.1 protein after trypsinization was bound to neurophysin-agarose in a pH-dependent fashion ( Figure 7B ).
When tumor cells were incubated with 3H-labeled leucine for 1 h and the immunoprecipitate of cell extract was chromato- graphed on a Sephadex G-50 column, most of the radioactivity emerged in the region of Mr 20,000-22,000. The fractions were pooled, lyophilized and subjected to tryptic digestion. As in the case of the experiment using (35S)-cysteine, the control eluted as a major radioactive peak, although some of the materials were aggregated and appeared in the exclusion volume of the column ( Figure 8A ). After trypsinization, the radioactivity emerged in two peaks: one in the region of Mr 8,000-10,000 and the other in the smaller Mr region ( Figure 8A ). The former peak was broad and asymmetrical, which suggests the presence of different molecular species. The fractions which constituted the ascending and descending limb of this peak were then separately pooled, lyophilized and subjected to affinity chromatography with con A-agarose. The material in the ascending limb of the peak was pH-dependent binding to neurophysin (data not shown). When the fractions which constituted the ascending limb of the Mr 8,000-10,000 peak were pooled and subjected to affinity chromatography with LVP-agarose, most of the radioactivity was retained to the column and coeluted with 0.1M ammonium formate (pH 8.6) ( Figure 10 ).
Discussion
We have previously demonstrated that neurophysin is synthesized from a Mr 20,000 precursor in transplantable human oat cell carcinoma of the lung with ectopic vasopressin production (Yamaji et al., 1981b) . The precursor was isolated in this study and shown to possess an apparent pI of 5.7. After treatment with dilute trypsin, essentially all of the precursor was converted into a Mr 10,000 protein and a smaller peptide.
The Mr 10,000 protein was identified as neurophysin on the basis of its pH-dependent affinity for vasopressin and its behavior in isoelectric focusing.
The smaller peptide proved to be vasopressin-like peptide because it coeluted with synthetic arginine vasopressin on gel filtration and had the characteristic affinity for neurophysin-agarose.
The ratio of radioactivity associated with the Mr 10,000 neurophysin and the smaller peptide was close to 7, which agrees with the ratio of the number of disulfide bridge in neurophysin and vasopressin molecules. These results led us to the conclusion that the pI 5.7 protein with a Mr 20,000 may be the common precursor to vasopressin and neurophysin in human oat cell carcinoma of the lung with ectopic vasopressin production. The precursor protein may contain, in addition, a glycopeptide in view of its affinity for con A. Very recently, Land et al. (1982) reported the nucleotide sequence of the mRNA encoding the vasopressin-neurophysin precursor synthesized in the bovine hypothalamus. The mRNA sequence indicates that arginine vasopressin is present at the NH2-terminus of the precursor and the glycopeptide moiety at the COOH-terminus.
In addition to the pI 5.7 precursor, an immunoreactive neurophysin with a pI of 6.1 and a Mr of 19,000 was identified. The results of the pulse-chase experiment show that this protein may be a precursor to neurophysin as well. Similarly to the pI 5.7 precursor, the pI 6.1 protein bound to con A and did not show any affinity for LVPagarose. Moreover, trypsinization of the pI 6.1 protein liberated neurophysin and vasopressin-like peptide, suggesting that the protein may be a common precursor. The significance of this pI 6.1 material in vasopressin and neurophysin production is unknown at present. In view of its smaller Mr, however, the pI 6.1 protein may be an intermediate in the conversion of the pI 5.7 precursor to vasopressin and neurophysin.
When tumor cells were incubated with YAMAJI et al.
Endocrinol. Japon. August 1983 radioactive leucine for short periods of time and immunoprecipitable proteins in cell extract were chromatographed, the major fraction of labeled material was shown to consist of Mr 20,000-22,000 species. Trypsinization of this labeled protein resulted in the generation of two peaks of radioactivity on gel filtration.
The first peak which appeared in the region of Mr 8,000-10,000 was broad and asymmetrical. The material eluted in the fractions which constituted the descending limb of the peak bound to con A, whereas the material eluted in the ascending portion of the peak did not. When 3H-arginine-incorporated precursor was subjected to limited proteolysis under identical conditions and fractionated by a Sephadex G-50 column, three peaks of radioactivity were observed. The elution profile of the first peak closely resembled that of the first peak of the tryptic hydrolysate of the leucineincorporated precursor described above and the material eluted in the ascending limb of this peak was bound by LVP-agarose indicating that one of the main components of the peak may be neurophysin.
These results suggest that this peak is composed of at least two molecular populations, one of which may be neurophysin and another a glycopeptide that is included in and liberated from the precursor protein. The latter may correspond to the glycopeptide recently isolated from human pituitary glands (Seidah et al., 1981) .
It may be argued that the biosynthesis of vasopressin and neurophysin in ectopic vasopressin-producing tumor may be different from that in human hypothalamus.
However, such a difference has not been demonstrated between most ectopic hormone-producing tumors and their normal glandular counterparts. Vasopressin and its neurophysin may be produced in human hypothalamus from a glycosylated common precursor, with a pI of 5.7 and a Mr of 20,000, demonstrated in this study.
